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PERFORMANCE  PERIOD 

The  original  performance  period  was  1  July,  1979  to  30  June, 
1982.  In  order  to  permit  some  work  to  come  to  a  conclusion  and  to 
permit  papers  to  be  published,  the  period  was  extended  without 
additional  funds  to  30  June,  1983  but  then  the  termination  was 
modified  to  31  March  1983.  As  almost  no  funds  remained  past  June 
1982,  little  new  work  was  undertaken. 

SUMMARY  OF  WORK 

The  work  which  has  been  carried  out  has  been  briefly  outlined 
in  seven  Progress  Reports  issued  at  intervals  of  six  months,  but 
has  already  been  described  in  detail  in  twenty  research 
publications;  a  list  of  these  is  given  below.  The  work  can  be 
summarized  as  follows. 

The  main  aim  of  the  work  was  to  develop  the  techniques  of 
photoacoustic  spectroscopy  (PAS) ,  specifically  in  the  infrared 
(IR)  range,  in  order  to  apply  IR/PAS  to  the  study  of  surfaces  of 
samples  which  are  rough  and  opaque. 

Work  was  begun  with  the  construction  and  development  of 
dispersive  IR/PAS  spectrometers,  and  the  successful  application 
of  the  instruments  to  the  study  of  solids  and  surface  species  on 
the  surfaces  of  solids  was  shown.  This  work  is  fully  described  in 
publications  1  through  7  and  10.  Simultaneously,  work  was  begun 
on  the  construction  of  a  Fourier  transform  (FT)  IR/PAS  instrument 
but,  before  it  could  be  made  operational,  the  effort  was 
anticipated  in  the  literature.  Work  on  IR/FT/PAS  was  stopped, 
however,  for  another  reason  s  the  discovery  of  a  new  detection 
method.  Boccara,  Fournier  and  Badoz  (  Appl .Phys.Lett .  36,130 
(1980)  )  described  a  new  technique  by  which  the  photoacoustic 
effect  could  be  detected  by  observing  the  deflection  of  a  light 
beam  passing  over  the  sample’s  surface;  the  thermally-induced 
refractive  index  changes  over  the  sample  cause  a  light  beam  to 
deflect.  By  measuring  the  extent  of  the  beam  deflection  with  a 
position-sensing  detector,  a  measure  of  the  extent  of  the 
photothermal  effect  can  be  obtained.  This  new  detection  method 
seemed  to  offer  many  advantages  with  respect  to  PAS,  so  work  with 
IR/PAS  was  abandoned  and  directed  toward  the  development  of  IR/FT 
photothermal  beam  deflection  spectroscopy  (PBDS) . 

Extensive  effort  was  required  to  make  IR/FT/PBDS  "work"  in  the 
IR  range,  but  a  spectrometer  system  was  successfully  completed 
and  a  variety  Df  techniques  were  developed.  This  work  is  fully 
described  in  publications  9  and  11  through  20. 

IR/FT/PBDS  has  been  shown  to  be  highly  successful  for  the 
qualitative  study  of  solids  and  the  surfaces  of  solids.  The 
advantages  of  the  technique  are  s 

1.  No  sample  preparation  whatsoever  is  required.  Tedious,  time- 


consuming  and  costly  sample  manipulations  usually  required  -for 
the  infrared  examination  of  solids  are  not  needed,  and  potential 
changes  in  sample  composition  or  structure  induced  by  sample 
preparation  steps  are  avoided. 

2.  Massive  solid  objects  may  be  examined,  without  removing  a 
sample  from  the  object.  In  order  to  examine  a  solid,  all  that  is 
required  is  to  position  the  object  so  that  the  IR  and  probe  laser 
beams  fall  on  and  pass  over  a  2  mm  area  on  the  object's  surface 
(however,  an  area  within  a  depression  on  the  surface  cannot  be 
studied).  Consequently,  all  size  limitations  imposed  on  samples 
by  conventional  IR  techniques  and  by  IR/PAS  are  removed.  It  was 
presently  convenient  to  construct  the  instrumentation  so  that 
selected  areas  on  the  surfaces  of  objects  about  10  x  10  x  10  cm 
could  be  examined.  However,  the  instrument  can  be  re-conf igured 
so  that  any  size  object  could  be  examined. 

3.  Sample  cells  per  se  are  not  needed,  in  view  of  item  2. 

4.  If  a  sample  must  be  confined  within  a  cell  or  enclosure  in 
order  to  protect  it  from  contamination  or  to  expose  it  to  noxious 
materials,  this  may  be  done  with  ease,  even  with  large  objects 
such  as  entire  catalyst  pellets. 

5.  If  a  sample  must  be  confined,  as  must  be  done  for  surface 
studies,  the  sample  can  be  studied  under  the  rigorously  clean 
conditions  normal  to  surface  studies.  The  detection  system  i.s 
gutsi.de  of  the  sample  cel.1,  unlike  the  case  of  PAS,  so  that  the 
sample  cannot  be  contaminated  by  gases  eyolved  by  the  detector.. 

6.  Most  samples  which  are  optically  opaque  can  be  examined.  The 
IR/FT/PBDS  techniques  have  been  used  to  study  the  surface 
properties  of  carbons  as  part  of  another  project,  with  excellent 
results  (  3  papers  are  in  press  with  the  journal  Carbon). 

Although  IR/FT/PBOS  has  been  shown  to  be  an  excellent 
qualitative  technique,  at  present  the  following  difficulties 
arise  : 

A.  Placing  a  sample  correctly  in  position  is  difficult;  the 
intensity  of  the  signal  obtained  is  crucially  dependent  on  the 
relative  positions  of  the  sample  surface,  IR  beam,  and  laser 
probe  beam.  Consequently,  at  present  the  quantitative  aspects  of 
the  technique  are  poor.  It  is  expected  that  future  work  will  lead 
to  significant  i mprovements. 

B.  As  the  technique  depends  on  sensing  changes  in  beam  position 
occurring  in  the  400-2000  Hz  range,  mechanical  vibrations  and 
airborne  sound  falling  in  that  frequency  range  cause  noise,  so 
that  the  equipment  must  be  properly  sound-proofed  and  shielded. 
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